The electron scattering processes in sphalerite gallium nitride on the different lattice point defects are considered. The short-range principle is taken into account in all the calculations. The transition matrix elements have been evaluated by using the self-consistent wave function and potential obtained within the ab initio density functional theory. This approach avoids the problem of using the fitting parameters for the six electron scattering mechanisms. The temperature dependences of electron mobility in the range 30-300 K are calculated. The results obtained with short-range scattering models reveal a better agreement with experiment than with the long-range scattering ones. For the first time the electron transport properties have been obtained here on base of the short-range scattering models, with derived by projector augmented waves self-consistent eigenfunctions and potentials, calculated from the first principles.
INTRODUCTION
Usually the description of the charge carrier scattering process on the point lattice defects in II-VI and III-V compounds was carried out by relaxation time approximation, variational method and Monte Carlo approach. The common feature of these methods is the using of the long-range charge carrier scattering models for the description of the transport phenomena in these semiconductors. On the other hand in the series of papers [1, 2] it was shown the disadvantages of these models and it was proposed a new approach for description of the transport phenomena on the base of the short-range principle. However in the proposed approach the one disadvantage remains, namely the presence of some numerical fitting parameters which require the availability of experimental data to select their numerical values. At present paper a new method is proposed that enables to eliminate the majority of the fitting parameters. In this method the calculation of the charge carrier transition probabilities was carried out on the base of wave function and selfconsistent potential which were determined from the first principles using the projector augmented waves (PAW), as implemented in the ABINIT code [3] .
CALCULATION OF THE ELECTRON WAVE FUNCTION
Calculation of the kinetic coefficients in a crystal is based on the transition matrix elements. The latter are evaluated on the all-electron wave functions. Therefore, the all-electron eigenfunctions found on base of the PAW are appropriate for this purpose.
The PAW approach has been suggested by Blöchl [4] . In the PAW formalism all-electron wavefunction k n  is defined as a linear transformation from a smooth pesudo-wave function
The transformation is chosen in such a way that the all-electron wavefunction k n  is the sum of the pseudo one k ~n  and an additive contribution centered on each atom [4] . The electron density is given by equation 
i.e. they are matching outside the augmentation sphere of radius c r . The projector functions vanish outside the augmentation sphere and inside the latter they are
where   is the Hermitian conjugate operator for the transformation  . Comparison the linear system of equations (10) and Schrödinger equation (6) shows that transformation (9) conserves the electron energy band spectrum [5, 6] . The PAW basis functions have been generated for the following valence states: 3s 2 3p 6 4s 2 4p 1 3d 10 for Ga and 2s 2 2p 3 for N. The radii of the augmentation spheres c r have the following values: 1.8 and 1. a.u. for Ga and N, respectively. The exchange and correlation effects have been taken into account within the generalized gradient approximation (GGA) formalism suggested by Perdew, Burke and Ernzerhof (PBE) [7] , particularly in the form of hybrid PBE functional with Hartree-Fock exchange, PBE0 [8] . The program AtomPAW provides the full set of data that are input parameters for the ABIN-IT code [3, 9] initialization. 
SHORT-RANGE SCATTERING MODELS
In the electron-polar optical phonon short-range scattering model the potential energy of the electronpolar optical phonon interaction has spherical symmetry [1] . The wave function of the system "electron + phonons" was chosen in the form:
where ) ... , (
-wave function of the system of independent harmonic oscillators;
  r  -electron wave function at the  point of the Brillouin zone which was obtained from the ABINIT code [7, 13] . After that on the base of the method described in [1] the expression for the transition probability can be defined: 
where G -a number of unit cells in a crystal volume; MGa , MN -atomic masses; NLO; NTO -the number of longitudinal (LO) and transverse (TO) phonons with a frequency 
The integral PO A over the volume of the unit cell is divided into several parts each of which were calculated on the base of Simpson method by breaking the integration intervals into 44 parts. The calculation of the values of coordinates and function    in the knots of Simpson method was made using the transformations from polar coordinate system to the oblique coordinate system. The values of the function    at respective points in the oblique coordinate system were obtained using the ABINIT code. On the base of threedimensional B-spline interpolation [11] According to short-range scattering model of the electron-nonpolar optical phonon interaction in sphalerite semiconductor the transition probability looks like [1] : 
where d0  1.31 eV-the optical deformation potential constant
The value d0 was calculated on the base of threedimensional B-spline interpolation [11] and taking into account the longitudinal and the transverse branches of the optical vibrations
From the short-range scattering model of the electron-acoustic phonon interaction in sphalerite semiconductor [2] one can obtain the expression for electron transition probability in a form:
where AC E -the acoustic deformation potential constant; || c and  c -the longitudinal and transverse sound velocity respectively and the elastic character of scattering is taken into account.
The value AC E was calculated on the base of threedimensional B-spline interpolation [11] and equal
In the frameworks of the short-range scattering model the potential energy of the electron-piezoelectric phonon interaction has spherical symmetry [1] . As the coordinate dependence of the perturbation energy is similar to a case of PO -scattering therefore the integration over the unit cell is carried out by the method described for this case. This yield to APZ  APO  14.59  10 -20 m 2 . Then using the procedure described in [1] we obtained the transition probabilities for the electron scattering on piezoacoustic (PAC) and piezooptic (POP) phonons: 
In the frameworks of the short-range scattering model the potential energy of the electron-ionized impurity interaction is spherically symmetric [1] . Therefore the calculation of the transition probability can be done by the method similar for the case of POscattering. As a result the transition probability for this scattering mechanism looks like: The transition probability for electron interaction with the short-range potential of static strain centre was calculated by one of the authors in [2] and looks like:
SS N -concentration of the static strain centers. In (19) SS N is the only one adjustable parameter which is remained. However up to our knowledge the method of calculation the value of the concentration of the static strain centers remain unknown.
COMPARISON OF THEORY AND EXPERIMENT
The comparison of theoretical calculation was made with experimental data presented in [12] for zinc blende GaN epilayers. Four samples were examined: unintentionally doped sample (sample A), intentionally doped samples 1, 3, 5 (samples B, C, D respectively). It was assumed that impurity conductivity occurs due to ionization of the donor impurity. Calculation of Fermi level was held from the expression n  nexp  1/Rexp, Rexp -experimental value of Hall coefficient. Parameters of GaN used in calculation are presented in Table I . The theoretical and experimental temperature dependences of the electron mobility (T) are presented on Fig. 2a-d. Solid curve 1 was obtained on the base of the shortrange scattering models within the framework of the exact solution of the Boltzmann kinetic equation [23] The adjustable parameter NSS for these curves has next numerical value: sample A -NSS  1.610 14 cm -3 ; sample B -NSS  4.0  10 14 cm -3 ; sample C -NSS  3.0  10 15 cm -3 ; sample D -NSS  3.510 16 cm -3 . Dashed curves 2 and 3 were calculated on the base of the long-range scattering models within the framework of relaxation time approximation: curve 2 corresponds 
CONCLUSION
Using the short-range principle the electron scattering processes on the various types of crystal defects in n-GaN are considered. The calculation of the electron transition probabilities was made using the all-electron wave function and a crystal potential, evaluated within the projector augmented waves. The GGA formalism has been used, and the self-interaction effects of Ga 3 d electrons were taken into account in the form of PBE0, as implemented in the ABINIT code. The use of exchange-correlation potential in the form PBE0 allowed getting the value of the band gap close to the experimentally measured value. It is very important for evaluation of realistic matrix elements needed to calculate the kinetic coefficients. We see two components of the success of the theory developed in this paper. The first one covers the realistic self-consistent electronic energy band structure, including the band gap, the all-electron wave functions and crystalline potential GaN, enabled us for the first time to get a good comparison of the theoretical and experimental kinetic coefficients over a wide temperature range. And the second one includes the short-range models of the electron scattering processes. It was found that the results obtained within the short-range models are in much better agreement with the experimental values, than those calculated on base of the long-range models. As can be seen from Рассмотрены процессы рассеяния электронов на различных точечных дефектах решетки нитрида галлия со структурой сфалерита. Во всех расчетах принимается во внимание принцип близкодей-ствия. Элементы матрицы перехода были оценены с использованием самосогласованных волновой функции и потенциала, полученных в рамках теории функционала электронной плотности из первых принципов. Такой подход позволяет избежать использования параметров подгонки для шести меха-низмов рассеяния электронов. Рассчитаны температурные зависимости подвижности электронов в диапазоне 30-300 K. Результаты, полученные с помощью близкодействующих моделей рассеяния, лучше согласуются с экспериментом, чем в случае использования дальнодействующих моделей. Впер-вые получены свойства переноса электронов с использованием близкодействующих моделей, в основе которых лежат рассчитанные из первых принципов с помощью проекционных присоединенных волн самосогласованные собственные функции и потенциалы.
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